Tohoku J. exp. Med. , 1980, 132 (2), 199-205 -Shape changes of GSH-treated human erythrocytes during the acidified serum test were examined by a differential interference microscope. A time-course study of the erythrocytes undergoing complement-mediated hemolysis revealed two kinds of hemolytic processes.
One is rapid hemolysis, in which GSHtreated erythrocytes are transformed into spherical forms prior to hemolysis. The other process is gradual or slow hemolysis of a small proportion of GSHtreated erythrocytes.
In this process, the erythrocytes are transformed into echinocytes and then into spheroechinocytes prior to hemolysis. However, echinocytic shape changes are not an absolute prerequisite to hemolysis, since echinocytes are not always transformed into a prelytic spherical form, but some of them are reversed to discocytes.
Under the experimental conditions of this study, rapid hemolysis of spherical erythrocytes is the main mechanism of hemo lysis.
GSH-treated erythrocytes; complement-induced hemolysis; shape changes; time-course study It is widely accepted that the assembly of the late-acting complement components on the target cell membrane is the critical step leading to cytolysis (Miiller-Eberhard 1975) . Morphological studies of the target cell membranes have been confined to negative staining electron microscopy, which has demonstrated the characteristic complement-dependent membrane lesions consisting of electron lucent rings surrounding electron dense cores with diameters of 100 to 110 A (Humphrey and Dourmashkin 1969) . Although the molecular structure or function of this lesion is not fully elucidated, it has been assumed that the complement reaction produces lesions in the membrane by insertion of an annular structure composed of the terminal complement components into the phospholipid bilayer (Mayer 1972 
RESULTS
Time-course of hemolytic processes of GSH-treated erythrocytes on the slide glass are shown in Fig. 1 . At 5 min after the start of the incubation (Fig. la) , the erythrocytes seen in this field can be classified into three types . Most of the cells are discocytes, but some of them are echinocytes (Cells C , D and E) or spheroidal in shape (Cell B). An erythrocyte ghost (Cell G) is noted at this stage . At 12 min (Fig. 1b) , Cell A is slightly crenated, and Cell B seems to be losing its cellular contents and its spheroidicity is reduced. Two min later (Fig . 1c) , Cell B is completely hemolyzed transforming into the ghost . At 27 min (Fig. Id) , Cell C remains to be an echinocyte but surface projections are less prominent than those seen at the early stage of incubation. At 40 min (Fig . 1e) , Cell A is transformed into a typical echinocyte with clear surface spikes. Cell C , on the contrary, is transformed into a discocyte with restoration of the central concavity and loss of surface spikes . Cell D remains to be an echinocyte and Cell E is transformed into a typical c renated form. At 52 min (Fig. If) , Cell E looks like a spheroechinocyte , and the central concavity of Cell C is more clearly noted . At 60 min (Fig . 1g) , Cell E is transformed into a typical spheroechinocyte which is completely hemolyzed 2 min lat er as shown i n Fig. 1h echinocytes, and Cell C is transformed into a cup-shaped form. Thus two cells (Cells B and E) were hemolyzed and two types of erythrocyte shape changes (echinocytic and stomatocytic transformation) were demonstrated during observation for 62 min.
GSH-treated erythrocytes reacted with the activated complement components in the test tube revealed essentially similar shape changes as those seen on the slide glass (Fig. 2) . Most of GSH-treated cells before incubation with acidified serum appear to be discocytes (Fig . 2a) . At 5 min (Fig. 2b) , many ghost cells which have lost their cellular contents are easily demonstrated . At 10 min (Fig.  2c) , both echinocytes and cup-shaped forms are seen in addition to the erythrocyte ghosts. At 20 min (Fig. 2d) , echinocytes, spheroechinocytes and occasional stomatocytes are noted. At 30 min (Fig . 2e) , many ghost cells and two types of erythrocyte shape changes are noted . In the control tube, in which GSHtreated cells were reacted with heat inactivated serum , neither hemolysis nor any shape change of erythrocytes was observed even at the end of the incubation (Fig .  2f) .
DISCUSSION
A time-course observation of GSH-treated erythrocytes undergoing complement mediated hemolysis in vitro revealed two kinds of hemolytic processes . The one was rapid hemolysis that occurred within 20 min after exposure of the erythrocytes to the activated complement components . This rapid hemolysis may account for the bulk of hemolysis in this incubation system since it has been shown in the previous work from our laboratory that most of GSH-treated cells are hemolyzed at the early stage of incubation (Shimoura 1978) . In this process, GSH-treated cells were transformed into a spheroidal shape prior to the loss of cellular contents . Valet and Opferkuch (1975) have measured the size of sheep erythrocytes during lysis by antibody and complement. According to their observations , the absolute erythrocyte volume increases through the action of complement prior to the actual cell lysis, and persistent swelling of erythrocyte ghosts after hemolysis is independent of protein osmotic force. They have suggested that the volume changes of erythrocytes are caused by a direct effect of complement on the erythrocyte membranes. Our present results are consistent with their observations and suggest that effective complement lesions in the targe cell membranes induce spheroidal transformation of the erythrocyte, which facilitates rapid cell lysis . Some GSHtreated erythrocytes showed cup-shaped or stomatocytic shape changes both on the slide glass and in the test tube. This shape change was not necessarily related to cell swelling leading to hemolysis. Thus this tansformation might be ascribed to the effect of reduced pH of the medium, since decreased pH is known to induce stomatocytic shape changes (Weed and Bessis 1973) .
The other process, which seems to be less significant in the present experiment, is gradual or slow hemolysis of a small proportion of GSH-treated erythrocytes . In this process, the erythrocytes reacting with the complement components are transformed into crenated forms (echinocytic transformation) and then finally into spheroechinocytes. These shape changes take longer time, but when spheroechino cytes are formed, they are rapidly hemolyzed as shown in Fig. 1 . As an early effect of the complement reaction on the cell membrane, it is shown that the target cell loses low molecular constituents, such as potassium, free amino acids and sugar, and then influx of sodium occurs (Green et al. 1959 ). This is followed by the swelling of the cell and rupture of the membrane. An essentially similar mechanism has been proposed by Iles et al. (1973) . According to their hypothetical chain of the complement-mediated hemolysis, complements produce surface rings in the target cell membrane, prelytic leakage of potassium, colloid osmotic swelling and final membrane disruption. Recently, Podack et al. (1979) have reported that the membrane attack complex of complement forms phospholipid-protein mixed in micelles in the biological membrane causing formation of hydrophilic lipid channels through which leakage of potassium and entry of water may take place . Echinocytic transformation seen in our experiments may reflect the prelytic leakage of potassium since loss of potassium may be associated with the cellular dehydration and echinocytic shape changes . Valet and Opferkuch (1975) have shown that in slow complement hemolysis cell swelling is not evident and most of the sheep erythrocytes remain to be small in size. In the present study, echinocytic transformation of GSH-treated erythrocytes was only partially related to cell lysis that occurred at late stage of incubation . In addition, echinocytic transformation did not always result in the formation of spheroechinocytes but was sometimes reversible as evidenced by Cell C shown in Fig. 1 . Thus, echinocytic shape changes do not seem to be an absolute prerequisite to complement-induced hemolysis . However, echinocytic transformation of GSH-treated human erythrocytes may be specific shape changes during the acidified serum test because such shape changes are not observed in the erythrocytes reacting with heat inactivated serum in the test tube or on the slide glass. 
